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ABSTRACT

Over the past 50 years there has been an explosion in scientific interest, research effort,
and information gathered on the geologic sedimentary character of the U.S. Pacific coast
continental margin. Data and information from thousands of publications have greatly increased
our scientific understanding of the geologic origins of the margin surface but rarely have those
data been combined and integrated.

This publication is the first release of the Pacific coast data from the usSEABED
database. The report contains a compilation of published and unpublished sediment texture and
other geologic data about the sea floor from diverse sources. usSEABED is an innovative
database system developed to unify assorted data with the data processed by the dbSEABED
system. Examples of maps displaying attributes such as grain size and sediment color are
included. This database contains information that is a scientific foundation for the U.S.
Geological Survey (USGS) Sea floor Mapping and Benthic Habitats project and the Marine
Aggregate Resources and Processes assessment project, and will be useful to the marine
science community for other studies of the Pacific coast continental margin.

CITATION: This document should be cited as: Reid, J.A., Reid, J.M., Jenkins, C.J.,
Zimmermann, M., Williams, S.J., and Field, M.E., 2006, usSEABED: Pacific Coast (California,
Oregon, Washington) Offshore Surficial-Sediment Data Release: U.S. Geological Survey Data
Series 182, version 1.0. Available online at http://pubs.usgs.gov/ds/2006/182.

Any use of trade names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
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INTRODUCTION

This data release provides an improved and robust integrated database (USSEABED) of
seabed characteristics for the Pacific continental margin of the United States (figure 1) that
fulfills a need for information about seabed characteristics for use by geologists, ecologists,
biologists, resource managers, and national defense investigators. usSEABED provides a
digital, integrated database of existing physical data and information from the sea floor,
including textural, statistical, geochemical, geophysical, and compositional information. It uses
the dbSEABED data mining and processing software to extend the coverage of information in
areas where data coverage is more descriptive than quantitative. The data coverage includes
the U.S. Pacific coast from Cape Flattery (including Puget Sound) to the Mexican border,
including major estuaries, for example, San Francisco and Willapa Bays and beaches, and
extends seaward across the Continental Shelf and Slope. More than 100 different data sources
containing over 65,000 data points from more than 25,000 sites are currently contained in
usSEABED for the contiguous United States along the Pacific margin.

This data-series publication is the third in a set of similar publications that covers the
entire Exclusive Economic Zone of the United States (U.S. EEZ). Also available are the sister
publications of usSEABED data from the Atlantic margin (Reid and others, 2005) and the Gulf of
Mexico and Caribbean regions (Buczkowski and others, 2006). Another companion publication
will include data from Alaska and Hawaii. Each of these publications will be updated as
significant amounts of new data are included in usSEABED. Current information about
publications and other issues are posted on the usSEABED website.

This publication contains information on the usSEABED data collection, dbSEABED
program processing, as well as a Data Catalog where the data are included (within compressed
files) as GIS layers and comma-delimited text files.

The overall usSEABED database holds data for the entire U.S. EEZ and is an ongoing
task of the National Sea Floor Mapping and Benthic Habitats project and the Marine Aggregates
Resources and Processes project being conducted by USGS Coastal and Marine Geology
teams in Santa Cruz, CA, Woods Hole, MA, and St. Petersburg, FL, and the University of
Colorado.

Future Plans, Updates, and Online Usage

It is expected that usSEABED will continue to expand by the incorporation of new data
sets and by the utilization of the data in new and different ways. As significant changes are
made, we expect to reissue updates of usSEABED. Data contributions and (or) additional
partners are welcomed.

Published usSEABED data from this region and others are accessible online (using
ESRI™ ArcIMS®) at http://coastalmap.marine.usgs.gov/regional/contusa/index.html. Data layers
will also be submitted for viewing and downloading through www.geodata.gov.

Applications

The usSEABED database is a very large compilation, containing complex assortments
of data and geologic information on the geology of the sea floor. Although this database was
developed for use in conducting studies of offshore sedimentary character for assessing marine
aggregates and characterizing benthic habitats, it has potential for greater application by the
marine science community and other users. Users are encouraged to generate their own
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gueries and extract information to meet specific needs. Some other possible applications where
data and maps from usSEABED could be useful are:

Research ocean observation and monitoring

Coastal zone/ocean management and planning

Homeland security, military applications

Sea-floor engineering, planning, and design

Ocean disposal site placement, monitoring

Cultural resources

Fisheries management, marine protected areas

Determination of seabed roughness, bedform distribution, critical shear stress, and
sediment transport flux

Public education

e Determination of sea-floor bottom-friction values for calibration of modeling

processes, such as the effects of storm waves on sediment mobility and transport

National Sea-Floor Mapping and Benthic Habitat Studies

The quality and protection of natural environments is a high priority for the Nation. This
includes Federal lands in the coastal and marine realm, where a variety of human activities
stress natural systems and resources. The USGS is a lead scientific agency conducting
research on the Atlantic, Gulf of Mexico, and Pacific margins to better understand marine sea-
floor environments. This research on benthic habitats is conducted under the general topic of
habitat geoscience, which is defined as the study and classification of seabed habitats in the
context of their geologic framework, their response to seabed processes, and their function as
substrate for invertebrates and fish, is underway in all three regions. This research requires
close collaboration between geologists, biologists, and oceanographers. High-resolution and
detailed knowledge of bottom characteristics and sediment distribution, a goal of the usSEABED
database, is fundamental to these studies.

The National Sea-Floor Mapping and Benthic Habitat Studies Project for the Pacific
coast, works collaboratively with other federal, state, and local agencies, to investigate geologic
controls on benthic habitats in bays, estuaries, fjords, and continental shelf environments. The
project employs a multipronged approach, utilizing tools that include sidescan, backscatter
imagery, and multibeam sonar, bottom video and photos, Laser In-Situ Scattering and
Transmissometry (LISST), Light Detection And Ranging (LIDAR), physical sampling and
underwater digital microscope imaging (for example, an eyeball camera) and usSEABED. The
collocated information is integrated, leading to better maps and increased understanding of
habitats on a variety of scales. An important analytical sidelight to this research is a useful
understanding of the relations between the various mapping and analytical techniques that
allows for better mapping and assessment abilities.

A critical issue studied by the USGS National Sea-Floor Mapping and Benthic Habitats
project for the Pacific is the impact of human activities on benthic habitats. These activities
range from land development issues, watershed usage and pollutant transport, sanitary outfalls
and waste disposal, shipping and anchoring, and dredging and spoil dumping to glacial retreat,
uplift, the relative importance of artificial reefs as habitat, and invasive species.

Endangered and threatened living resources, such as Pacific Coast rockfish (Sebastes)
and white abalone, are of prime concern to the public and managing agencies. One approach to
the restoration of these habitats is the establishment of Marine Protected Areas (MPAS). The
USGS and its partners use their expertise to map and characterize benthic habitats at
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biologically relevant scales to assist in MPA design and other fisheries management efforts.
These efforts are centered in areas managed by National Oceanic and Atmospheric
Administration (NOAA) National Marine Fisheries Service, NOAA National Marine Sanctuaries
Program, and the National Park Service. For more information about sea-floor mapping and
benthic habitat research by the USGS in the Pacific, see
http://walrus.wr.usgs.gov/nearshorehab/index.html.

Marine Aggregate Resources

Continental margins are products of complex geologic processes. They comprise
submerged landforms that offer a variety of benthic habitats for fisheries, as well as affect
navigation, homeland security, and engineering activities. Continental shelves also contain
hard-mineral deposits such as, sand and gravel, which are potential aggregate resources.

Coastal erosion, resulting from a combination of natural (storms, sea-level rise, sediment
starvation, land subsidence) and anthropogenic processes (dams, dredging, coastal
engineering structures), is pervasive in most U.S. coastal regions. Development in the coastal
zone continues to increase, and demographic projections show that the trend of people moving
to the coast will likely continue, placing more people and development at increasing risk from
coastal hazards. With future global climate change likely to cause changes in storm frequency
and resulting accelerated global sea-level rise, coastal regions are likely to experience even
greater erosion, inundation, and storm-surge flooding.

Beach nourishment, a practice of placing sand dredged from offshore area onto eroding
beaches, is increasingly viewed as a cost-effective and environmentally acceptable method for
mitigating coastal erosion, reducing storm and flooding risk, and restoring degraded coastal
barrier-island ecosystems for developed coasts. For beach nourishment to be viable, however, it
is necessary to locate high-quality sand; the sand bodies must ideally be reasonably close to
beaches being considered for nourishment, and the sand volumes must be sufficient to meet
recurring nourishment requirements for 50 years or longer. Sand bodies on inner Continental
Shelf regions are often the most suitable sand sources for beach nourishment. Examples of
marine sand bodies are shown in figure 2.

Because offshore areas are increasingly important, comprehensive, up-to-date and
integrated databases that can be used as sources for modern Geographic Information Systems
(GIS) are needed to produce base maps displaying thematic information, such as sea-floor
geology, sediment character and texture, sea-floor roughness, and engineering properties.
Digital geologic maps, based on unified national data sets and showing the sedimentary
character of U.S. continental margins, are critical for scientists to better understand and interpret
the geologic history and evolutionary processes of continental margins. These products are also
useful to managers for protecting and managing coastal and marine environments

The USGS, in collaboration with other Federal agencies (U.S. Navy Office of Naval
Research (ONR), Minerals Management Service (MMS), U.S. Army Corps of Engineers
(USACE), National Oceanic and Atmospheric Administration (NOAA) and others), coastal
States, and universities, is leading a nationwide effort to gather legacy marine geologic data for
use in conducting assessments of offshore sand and gravel resources and for producing GIS
map products of sea-floor geology that can serve many additional needs. Assessments are
being conducted in offshore Louisiana, the New York Bight (New York-New Jersey), and the
Gulf of Maine regions. The GIS maps and usSEABED database from this study are providing
fresh scientific insights into the geologic character and development of U.S. continental margins
and useful information about the quality and potential availability of offshore sand and gravel
aggregates. Additional details are available at http://woodshole.er.usgs.gov/project-
pages/aggregates/index.htm.
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Applications of research results include fishery management, habitat disturbance and
recovery studies, impacts of invasive species, studies of deep-water coral habitats, the fates of
contaminants from coastal sources, location and monitoring of disposal sites, the routes of
cables and pipelines on the seabed, and the location of aggregate deposits having potential for
use for beach nourishment. For more information on these and other research about coastal
and marine issues, see http://walrus.wr.usgs.gov/, http://marine.usgs.gov/, and
http://woodshole.er.usgs.gov/.
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usSEABED (DATA)

The usSEABED database differs from a traditional relational database (RDB) because
the data are processed and extended to maximize density and usability, making them more
comprehensive for mapping and analysis. A traditional RDB often creates simplistic and sparse
data summary coverages with thinly populated and unwieldy tables. The usSEABED database
not only treats the usual forms of numerical data but also contains a vast store of data about the
sea floor in word-based descriptions that can be rich in information but difficult to quantify, map,
plot, or use in comparative analyses or models. The usSEABED database provides numeric
values for typical seabed characteristics that are based on these descriptive data as well as
numeric analytical data.

The usSEABED database also differs from other marine databases in that it incorporates
a wide variety of information about sea-floor sediment texture, composition, color, biota, and
rocks; sea-floor characteristics such as hardness or sediment ripples, acoustic properties, and
geochemical and geotechnical analyses. The usSEABED output files are produced in comma-
delimited text for ease of use and are ready for inclusion into many different GIS, RDB, and
other software applications.

How usSEABED is Built

The usSEABED database is built using the dbSEABED processing software created at
the University of Sydney (Australia) and the University of Colorado. It has companion databases
built along similar lines: auSEABED for Australia, balticSEABED, and a global database,
goSEABED. Each database relies on preexisting data from a variety of sources to mine and
extrapolate useful information about the seabed.

The dbSEABED program allows these source data sets to be compiled in a standardized
format and integrates information across a series of data themes (table 1) and physical
sampling equipment (grabs, cores, or probes) or remotely sensed sampling (descriptions from
photographs and videos, geophysics, soundings). These data may be numeric lab- or
instrument-based textural, acoustic, geochemical, and geophysical data and (or) verbal
(linguistic) descriptions of grabs, cores, or photographs, or a combination of any of these

In the usSEABED database, most data held in these reports are mined for additional
information that increases the data density over the seabed, allowing for more complete
information. Few source reports contain all data reportable in usSEABED; null values are given
in those fields without data.

Sources of Data

UsSEABED relies on previously existing and newly collected data, both published and
unpublished, from Federal, State, regional, and local agencies and consortiums, as well as
research institutions. For the Pacific coast, many of the data are from the USGS, including
published and unpublished data from the 1980s to 2000s.

Data gathered by NOAA National Ocean Service (NOS) during their many sounding
surveys in the 1960s to 1990s are included, as archived by the Smithsonian Institution and
provided by the National Geophysical Data Center (NGDC). Theses and dissertations from
many universities, reports from University of California (Berkeley) Hydraulic Engineering Lab,
University of Washington's data publications of the 1960s and 1970s, U.S. Army Corps of
Engineers (USACE) reports, and local harbor and U.S. Navy (USN) reports are also included. A
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large data compilation, Deck 41, archived at NGDC is included, which is from a wide variety of
data sources. A complete list of data sources for the Pacific coast is included in Appendix A.

Although efforts have been made to reduce data duplications within usSEABED, they
may exist within the input Pacific data sets as data from the same cruise or site may be
published in more than one report or data compilation. For example, NGDC's Deck 41
compilation contains information for several west coast sources; sites are decommissioned in
our Deck 41 data set where these sources are included within usSEABED under the original
sources. In other instances, data from different sources for a given site may be included if
significant additional data are included. For example, one source may report only grain size for
a particular site, but another source may include geophysical properties for the same
sites/sample.

Data Themes and Output Files

Seabed data come in a variety of forms, which have information in different parameters.
For example, textural analyses may have information for percentages of gravel, sand, and mud
(silt and clay); statistical measurements such as mean, median, sorting, skewness, and kurtosis
often accompany the textural information. Acoustical measurements include various velocities
and derived densities. Benthic habitat studies may include a short description of the sea-floor
sediment type and a numerical survey of animals and plants on the sea floor, or evidence of
them.

The original seabed information in usSEABED is entered into different data themes
(table 1). The thematic basis of the values found in the outputs can be found in the DataType
field of the extracted (EXT), parsed (PRS), and calculated (CLC) output files. Information on the
contribution of each source report is in the accompanying source metadata files.

This publication provides six usSEABED output data files for the Pacific Coast (table 2).
These files are downloadable from the Data Catalog. An additional output file type, although
unpublished, provides quality control for the data and was used extensively prior to publication
to debug and test the data. Field parameters for the data files are listed in tables 3, 4, and 5.

Relational keys

The usSEABED data file types are linked relationally by the foreign keys: DataSetKey
(for individual data sets), SiteKey (for individual sites), and the SampleKey (for individual
analyses). The DataSetKey field gives the relationship of the data to the original source. The
tables can be loaded into an RDB, relationships may be constructed, and the tables may be
joined using the keys.

Source data (SRC)

Information about the original data are in the source (SRC) file, including links to
metadata about the original data. Each of the output data files discussed below is relationally
linked to the SRC file by the DataSetKey field. Source information is also provided in a more
traditional bibliographic format in Appendix A.

Textural and other basic information (EXT, PRS, CLC)

Textural, statistical, geochemical, geophysical, dominant component, and color
information are held in three separate, but similar, data files, based on the type of data: EXT,
PRS, CLC. The three data file types have the same fields (table 3) and can be combined for
more extensive coverage of the sea floor.[
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It is important for users to understand the inherent limitations of each type of file in order
to choose the best data file, or combination of data files, appropriate for a particular use. Other
dbSEABED programs can combine the three files in a variety of ways, by concatenation or by
telescoping, before they are mapped or used for other types of analysis. For access to these
files, please see the contact information at the beginning of this report.

Extracted data (EXT)

The data file with the EXT tag is the "extracted" data: those data from strictly performed,
lab-based, numeric analyses. Most data in this file are listed as reported by the source data
report; only minor unit changes have been performed. In some cases, assumptions may be
made about the thickness of the sediment analyzed based on the sampler type. Typical data
themes include textural classes and statistics (TXR: gravel, sand, silt, clay, mud, and various
statistics), phi grain-size classes (GRZ), chemical composition (CMP), acoustic measurements
(ACU), color (COL), and geotechnical parameters (GTC). The EXT file is based on rigorous lab-
determined values and forms the most reliable data set. Limitations, however, exist due to the
uncertainty of the sample tested; for example, were the analyses performed on whole samples
or only on the matrix, possibly with larger particles ignored?

Parsed data (PRS)

Numeric data mined from verbal logs, core or grab descriptions, shipboard notes, and
(or) photographic descriptions are held in the parsed data set (PRS). The input data are
maintained using the terms employed by the original researchers and are coded using
phonetically sensible terms for easier processing by dbSEABED. Longer descriptions may have
the data divided by theme (table 1). The descriptions often include information on associated
biota, sea-floor features, and structure. Typical data themes for the parsed data set are
lithologic descriptions (LTH), biology (BIO), color (COL), and (or) sea-floor type (SFT,
descriptions from photos or videos). The values in the parsed data file are calculated using the
dbSEABED parser that assigns field values based on the form and content of a description. See
the section on dbSEABED processing and fuzzy set theory for a more complete explanation.

The parsing process has been tested and calibrated by comparing the outputs against
analytical results for the same samples. Due to the nature of visual descriptions by observers
and the use of fuzzy set theory in the parser, the output data variously show the degree of
representation in the sample or percent abundance values. An assumption in the process is that
the output degrees of representation reflect absolute abundances to some degree of accuracy.
The calibrations provide information on that accuracy. Although at first sight the descriptive
results in the parsed file may seem less accurate than measured values in the extracted file,
they are frequently more representative of the sample and seabed as a whole, as they include
description of objects such as shells, stones, algae, and other objects (table 6) that are a
textural component of the seabed and are often left out of laboratory analyses, particularly when
a machine analysis is employed.

Calculated data (CLC)

For the extracted and parsed data, some values are not reported by the original source
but can be calculated directly or estimated by standard derivative equations using assumptions
(see Appendix C. Frequently Asked Questions) about the conditions or variables. These values
are reported in the calculated (CLC) data files. Although the CLC data can be combined with the
extracted and the parsed data (table 3), they are the least reliable of the three data file types
and should be used with caution.
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Component/feature and facies data (CMP, FAC)

Two usSEABED data files contain information about the presence of certain sea-floor
features, compositional content, biota, and sediment structure. These use senior synonyms
defined by the thesaurus in the dbSEABED parsing software, which clusters comparable
descriptive terms together (granite represents granite, aplite, granodiorite, pegmatite, whereas
laminated represents laminated, laminations, or lamina). Individual components and features
(terms like feldspar, phosphorite, bivalves, seagrass, and wood, for example) are held in the
CMP data file (table 4). Appropriately combined components are held in the facies (FAC) data
files (table 5). As with the parsed data files, the values held within the CMP and FAC files are
the results of filters based on fuzzy-set membership to chosen sets and represent a measure of
truth about the attribute, not percentages or defined values. These files only indicate presence,
not absence, of material; it is rare that a report might state, "no bivalves" or "no phosphorite.”

The CMP file contains information about compositional content (individual minerals,
rocks), genesis (terrigenous, carbonate), and certain biota. These components are internally
evaluated and the value for each attribute is based solely on the relationships of attributes within
the original description. The flora and fauna included in the compositional components are those
that may have an effect on textural determinations in the PRS data file, such as halimeda,
bivalves, or foraminifera (table 6). The values within these attribute fields range between 0 (no
membership, possibly due to no information), to 100 (complete membership, shell hash = 100 to
the shell debris set).

The CMP file also includes information on sea-floor features, such as bedforms, fissures,
internal structure (bedding, bioturbation), and other flora and fauna. Unlike the compositional
content information, which is construed as an abundance within the sample, these attributes are
an intensity of development or density of occurrence relative to scales of development or
density of occurrence observed elsewhere. The flora and fauna included in the feature category
are soft-bodied, for example, those that do not have an input on the textural determination within
the PRS data files, such as kelp, ophiuroids, or annelids. Values within the attribute fields range
from O (no membership, possibly due to no information) up to 100 (maximum development). In
contrast to the situation with component abundances, the sum of feature intensities in a sample
is allowed to exceed 100.

The 100 most common components (number limited by dbSEABED processing
software) in the U.S. EEZ are given in the CMP file, and those attributes with "_F" denote
features. Table 4 lists the components and gives basic forms of descriptive terms that may
trigger membership for each. Included in this file are 27 components that are included in the
facies (FAC) file only. The dbSEABED thesaurus used for usSEABED is also used for the sister
data compilations (auSEABED, BalticSEABED, goSEABED), and the list of trigger terms may
include some that are not known in U.S. waters.

The second file, the facies file (FAC), is created from components only, similar to the
CMP file. This file configures multiple components into appropriate groups or facies, such as
igneous, metamorphic, ooze, foraminifera, and others. The dbSEABED processing software is
restricted to a maximum of six components per facies. Table 5 lists the facies type and the
components that comprise each facies group.

Again, these files only indicate presence, not absence, of material; it is rare that a report
might state, "no bivalves" or "no phosphorite.” The values within this attribute field range
between 0 (no membership, possibly due to no information) to 100 (complete membership, for
example, schist = 100 to the metamorphic set).
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Relationship between the PRS and CMP outputs

The dbSEABED processing software recognizes that many skeletonized biota, such as
halimeda, rhodoliths, shells (broken and unbroken), and others often constitute a sediment
sample. Such biological terms are included in the parsing of the textural values. The selected
biota with textural implications are listed in table 6. When using the parsed data, it may be
important to crosscheck with the component file using the relational foreign keys (SiteKey,
SampleKey) to determine if biota are to be included in the textural outputs.

Within the PRS file, the 'seabed class' and 'class membership' field indicate the
dominant compositional class and the fuzzy-set membership of a sample to that class. Other
components and mined information may also be listed for that sample in the CMP file, linked by
the relational keys.

Quality Control

Quality control over the data is an iterative process implemented using criteria in the
following steps. First, graphical plots of site locations and parameter values are used to detect
outliers and edit them appropriately. Each data set is viewed in a GIS to ensure that data
locations are reasonable relative to survey extents; those sites with unresolvable location issues
or known incomplete analyses are deactivated and are not included in the usSEABED output
files. (Note: usSEABED does contain a small number of onshore samples.) This step may be
optional depending on the data set. Older sets may require more scrutiny at this step, whereas
newer or well-exercised data sets require less.

Second, built-in filters in the dbSEABED processing software detect implausible values
for numeric fields, unknown verbal terms, incomplete analyses (for example, Gravel-Sand-Silt
Clay (mud) (GSSC(m)) greater than 105% or less than 95%), and incorrect field types (string or
number). The software also detects samples that seem to belong to a core though they are
described as independent samples. For the parsing of verbal descriptions, all terms must be
known to the dbSEABED data processing program, with values assigned; those analyses that
fail this test have null values given to all appropriate fields. Edits are made to the data at the
level of the usSEABED input data files and metadata are entered explaining the changes. The
edits (or deactivations) are then taken into account in the next dbSEABED program run.

Finally, output data are analyzed in a GIS to test whether the data outputs "make sense”
for a given geographic area. Users of the output data should, however, note the limitations
imposed by the source data sets as to navigational precision, sampler type, and analytical
technique.

As issues about the data or the data processing may be discovered, errata will be
posted on the usSEABED website. Corrections will be included in the next version of this
publication.

See the dbSEABED section and the Frequently Asked Questions for details about the
usSEABED data mining program and the application of fuzzy set theory.

Spatial and Temporal Uncertainties

Users of usSEABED data are reminded that many seafloor regions are, by their nature,
dynamic environments subject to a variety of physical processes, such as erosion, winnowing,
reworking, and sedimentation or accretion that vary on different spatial and temporal scales,
and sea-floor samples may represent a only moment in time. Because usSEABED is comprised
of samples collected, described, and analyzed by many different organizations and individuals
over a span of years, metadata are provided for each source report, linked both through the
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bibliographic list of data sources (Appendix A) and the relational link DataSetKey in the output
files. In cases where original metadata are not available from the data source, metadata were
created based on available information accompanying the data. Of particular importance, site
locations are as given in the original sources, with uncertainties due to navigational techniques
and datums ignored in the usSEABED compilation. As many reports are decades old, users of
usSEABED should use their own criteria to determine the appropriateness of data from each
source report for their particular purpose and scale of interest.

In addition, there are uncertainties in data quality associated with both the extracted data
(from lab-based analytical analyses) and parsed data (word-based descriptions). It may be that
grain-size analyses are done solely on the sand fraction excluding coarser material, such as
shell fragments and gravel, while word descriptions of sediment samples may emphasize the
proportion of a sediment fraction over another and may disregard other important textural or
biological components. Detailed information about issues such as these are noted in the source
metadata files and known incomplete data are decommissioned in usSEABED.

Users are encouraged to view the entire document before downloading the data files in
the Data Catalog and should refer to the provided metadata files for information about individual
sources' limitations, date of collection, and other pertinent information.

10
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dbSEABED (PROCESSING)

The dbSEABED processing system was developed by Jenkins (1997, 2002, 2003) in
collaboration with the USGS and others over the past decade. Currently, there is no open-
source code for the program. This explanation of the system is intended to give information and
guidance about how the data are compiled, integrated, and processed in the usSEABED
database. The dbSEABED system aims to produce a unified mappable database from the
multitude of data sets dealing with the seabed. The primary objective of the dbSEABED system
is to produce integrated data that can be mapped, analyzed, and visualized. Data sets include
both legacy and modern collections, involving data from samplings and visual inspections.
Filtering routines within dbSEABED unify marine geologic data that originally may be disparate
in purpose, function, style, and collection or analytical techniques. It works on data files that hold
the source data in their original values (except for minor unit changes and phonetically sensible
word codes) and provides standardized output data. It is important that users of the PRS and
CLC output files understand the parsing process, the meanings of field values, and the
limitations of the usSEABED output. More information about the dbSEABED software can be
found on the dbSEABED Web site or in the Frequently Asked Questions section of this
publication.

Data Import Methods

Incoming data files number in the hundreds and are diverse in content and format. The
process of import begins with manual reformatting that usually involves rearranging the data in
columns specific to each parameter, such as color, percent sand, seabed description, or
multisensor core logger acoustic velocities. These columns are arranged according to a
template specific to dbSEABED. Most data are prearranged in columns, but in some cases
sections of written descriptions may need to be cut into their constituent parts.

New parameters are sometimes encountered as a data set is imported. These new
parameters are added to the template at the ends of the appropriate data theme, and the
dbSEABED processing software is modified to take the new parameter(s) into account if
possible. For future reference and to help editing, the original data are often held as
commentary metadata alongside the active data. Some data that are not useful to dbSEABED
are held only as commentary metadata.

After import, the data are held in a type of written log arranged according to the nested
sequence: data set / site / subbottom depth / subsample. Sites are specified by each new
sampling operation. The written log structure is unusual for a database, having more in common
with XML-format structure than relational databases. It has distinct advantages for dealing with
sea-floor sampling data sets, such as

An algorithm can perform highly useful calculations on the data for each sample, which
has made it possible to meet user demands in a timely way despite the complexity and size of
the data holdings;

I. Data that are human readable, especially if metadata are interspersed,;
II. It conforms with data structures that are generated by core-loggers at sea
and in the laboratory;
ll. Itis efficient to import;
IV. ltis able to cope with variable data quality and incompleteness; and
V. Itis low maintenance, nonproprietary, and programs that address it have
low cost of entry and are highly adaptable.

11



Reid and others, 2006, usSEABED Pacific Coast Surficial-Sediment Data Release
U.S. Geological Survey Data Series 182

The disadvantage of the written log structure is that specialized programs, such as those
in dbSEABED are needed for conversion to the flat-file formats that most users require. These
flat-file formats are provided in this publication.

The Numeric Data Type (extracted, EXT)

A primary function of the processing programs is to read, quality check, and then report
numerical data that have been obtained from laboratory analyses of grain size, composition,
color, shear strength, and other parameters. Although we describe these data as "numeric,”
they also include coded data such as Munsell color codes. In many cases, the numeric data can
be echoed unchanged to outputs (in EXT files), for example, in percent sand, average grain
sizes, carbonate, and porosities. Checks are performed, however, on whether a value is
properly numeric or string and if it is within plausible ranges. Problems are reported to a
diagnostics file that is a basis for quality and completeness checks, with possible corrective
edits to the data file (along with explanatory metadata). Data items are often deactivated if they
are suspected as incorrect.

The numeric data output to EXT files have had minimal manipulation. The data in grain-
size analyses (held at their original phi intervals) are summed into gravel, sand, silt, and clay
percentages; the median, average, and standard deviations are calculated. If grain density is
available, bulk densities and water contents are converted to porosities, with the porosity
parameter adopted by dbSEABED. Many parameters that are available in the data are not
reported to the EXT files, for example, skewness and kurtosis. They may, however, be obtained
from RDB renderings of the data (not available on this publication). The dbSEABED output of
Central Grain size is a composite of median (preferred), moment average, and graphical
averages. Currently, only the second moment (standard deviation) is directly transferred to the
sorting field.

The reporting of consistent mappable values for geotechnical and acoustic parameters is
not an easy task. The results of physical property tests are very dependent on experimental
setup, such as strain rates, sample preparation, equipment dimensions, and detection of
behavioral thresholds for the materials. The shear strength reported from dbSEABED is a
composite of penetrometer, vane-shear values (undrained, unconfined) in the unremolded
states (that is, for initial failure). Also included for the sake of maximizing mappability are the
cohesions from shear box and low-pressure triaxial experiments. P-wave acoustic velocities are
reported without regard to the frequencies of measurement. In both cases, investigators wanting
more specific information on the analyses can resort to the original data and metadata. The
extracted outputs based on numeric and coded data are put out separately from the parsed and
calculated results of dbSEABED. It is recognized that some investigators will choose one over
the other — or may wish to combine them in different ways. It must also be recognized that rarely
can a sensible coverage of the seabed be obtained from the extracted data alone, as it is too
sparse.

The Linguistic Data Type (parsed, PRS)
A feature of dbSEABED is its ability to parse word-based descriptive data, such as
"brown fine sand with abundant shells; seagrass and some pebbles; whiff of H,S?".

These types of data are held using their original terms although some abbreviation and coding
is necessary. Thus dbSEABED is not a natural language parser even for the noun-phrase
constructions, such as the above description. The ability to handle word-based data greatly
extends the power of the system to map the seabed, because as a global estimate,
approximately 85 percent or more of data characterizing the seabed are word based.

12
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Calibrations are performed to validate this process relative to analytical data on the same
sediments. A simplified description of the processing functions is included in this publication.
The dbSEABED program applies these concepts to geological descriptions, using:

e A parser that divides the descriptions into arithmetic equations;

e A thesaurus that attaches meanings and memberships to the quantifiers,
modifiers, and Objects; and

e Alinear-weighted assembly of the numerical totals.

In the dbSEABED program, word memberships can be defined across many
parameters, not just grain size. Fuzzy memberships are best thought of as a measure of truth or
possibility (not probability). The outputs are fuzzy memberships of parameters such as mud,
grain sizes, carbonate, organic carbon, grain types, sedimentary features, rock and weed
coverages, and engineering strengths.J0Statistical comparisons can be made between the
EXT and PRS data outputs, resulting in calibrations which are an overall guide to the accuracy
of the regional mappings and a highlighting of areas and issues in the data where improvements
can be made.

A simplified description of dbSEABED processing
Most descriptions, such as that noted above,
"brown fine sand with abundant shells; seagrass and some pebbles; whiff of H,S?".
consist of quantifiers, modifiers, and objects (gqmO) and can be written as linear expressions
g1*[m1]O1 + g2*[m2]O2 + g3*[m3]O3 ... = sample

In most cases, the sediment fraction is the whole sample, but dbSEABED records
explicitly where that is or is not the case in outputs. In the previous example which in
dbSEABED coding is

brn fne- snd wi_ab/ shis seagrs + som/ pbls ; whif_of/ h2s /?

where "-" on modifiers points to modified object, and "/" on quantifiers points to the quantified
object. The use of abbreviations helps distinguish data from metadata in the data files and
makes descriptions shorter, easier to process and more human-readable. The gmO coding for
texture is then

m(fne)O(snd) + gq(wi_ab)O(shls) + g(som)O(pbls) = sample

where the "brown", "seagrass”, and "h2s" are not shown because they are neutral for texture.
The textural objects are each assigned a grain size that might be cast as Fuzzy Set
Memberships across a range of grain sizes or may be a single-size fraction percentage (Crisp
Set). The grain-size assignment is acquired from a dictionary and is usually based on published
scales, such as Wentworth (1922) and Unified Soil Classification System (USCS), on analysis of
a region's sediment components, or on the sedimentologic experience of one or more people.
The grain size is the median of grain sizes observed for sediments that have been labeled
simply as "sand", which is 1.5 phi. Where a modifer is applied, the grain size is adjusted. In the
case of madifier "fine" the mean grain size of the sand becomes 2.5 phi. "Shells" has a textural
meaning, typically at fine gravel (-2 phi) but ranging of course by species and preservation.
"Pebble" is assigned its Wentworth scale grain size.

The quantifiers "abundant” and "some" assign weights to the "shell" and "pebble" parts
and adjust the memberships of the assigned phi grain sizes. These memberships are specified
in the dictionary: "abundant” 0.5, "some" 0.3. The unquantified "sand" is usually assigned 1.0.

13
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After normalization to 1.0 the "sand", "shell", and "pebble" components have weights of
0.56, 0.28, and 0.17, respectively. (Note: the normalization depends on the syntax, whether like
the rear-significant ODP syntax, with weights increasing to the right; front significant naval data;
or flat-significance syntax common in ecologic studies. At data entry which of these applies is
specified in dbSEABED.) For the standard textural classes, gravel ("shell + pebble™)
membership totals 0.4, sand 0.6, and mud 0.0. (Note: silt and clay proportions cannot be
determined from visual descriptive data.)

To estimate the mean grain size for the entire sample, then
0.56*(2.5 phi) + 0.28*(-2 phi) + 0.17*(-3.5 phi)] = 0.25 phi

This is reported to the parsed outputs (PRS). The existence of shell and pebbles is also noted in
the "shell" component outputs (CMP), with a relative membership of 0.28 and 0.17.

A similar process is performed successively for the other parameters, for consolidation
(no information here, sediment will be assumed loose), features such as "seagrass", and color.
"Brown" will cause an output of the Munsell color code of 5YR 4/4 through calibrated processes
described in Jenkins (2002).

The numbers and results above are examples only, and the explanation is simplified.
Iterative comparisons of hundreds of verbal descriptions with each other and with the results of
lab-based analyses have established that the accuracy is about 1 standard deviation at +/- 2 phi
range.

Most input linguistic data are reasonably well organized, although there are a variety of
descriptive linguistic structures familiar to geologists, ecologists, biologists, U.S. Navy divers,
and other sea-floor samplers. To be usable in dbSEABED, sediment descriptions and analysis
data do not need to be precise or fit a particular pattern. The doSEABED program copes with a
wide set of vocabularies (for example, foreign language, USACE codes, NOS Bottom Type
Codes), and a variety of linguistic structures and ways of attaching quantities. There are
currently more than 5300 terms defined in the parsing dictionary.

Further, the data need not be absolutely complete. The dbSEABED program mines what
data are there, giving outputs only where data are sufficiently complete to be reliable, while
rejecting (and reporting for future attention) incomplete or erroneous structures.

Each description is kept close to its original form and structure but is coded in
phonetically sensible terms that include links between quantifiers, modifiers, and objects. Data
coders choose between a variety of data types to organize the data so the dbSEABED program
can quickly parse words into values. Table 1 gives the data types used in usSEABED output
files.

The dbSEABED program contains a thesaurus where various terms used to describe the
seabed are given lithologic, textural, and biological classes and weightings. Modifers and
guantifiers are given relative weightings, and values are assigned to other categories as
needed.

Several special semantic structures are catered for, notably the joint abundance
structure, such as: "snd som/ { pbl + shl + blk- nods }", wherein the pebble, shell and nodules
total 0.3 in abundance ('som’). Also, a component may be as a proportion of some special
fraction such as: "snd // acid_residu", in effect the non-carbonate sand proportion.

The parsing includes a number of quality control devices. If a term is not recognized in
the dictionary, the process is aborted. The process is also aborted if component weightings from
certain observations such as grain counts fail to total 100 percent. If a description is too complex
(currently defined as greater than 32 terms) it is not parsed. Problems encountered are reported
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to a diagnostics file for later attention and perhaps correction. Homonym terms, such as "dense"
for consolidation and abundance, are distinguished (as "dens(phy)", "dens(ab)"). Terms that are
marked "meaning unknown" in the dictionary will cause parsing to fail. Terms that have a
special meaning in one survey, such as "iron" in DSDP data, are also specially marked
("iron(dsdp)"). XRD data are not parsed, as they are not regarded as reliable enough in
comparison to petrologic counts or visual descriptions. At present, the location of structures in a
core (for example, "below yellow layer") and gradients (for example, "grading upwards to") are
not parsed.

More information about the dbSEABED software is obtainable from a number of articles
listed in Appendix C. Frequently Asked Questions.

Expansion of Data Coverage

A summary of the theoretical or empirical relationships that are used by dbSEABED to
expand the coverages of seabed parameters (often not directly measured or calculated in
individual reports) is given in the onCalculation document (Appendix D).

Calibration

dbSEABED is an information-processing system that can perform statistical and
individual tests of accuracy across the range of output parameters. Issues of accuracy and
reliability become apparent as soon as data are integrated. Tools for monitoring the integration
process are required, with feedback to the input data, so that improvements can be made in the
system.

Basic uncertainties exist in all the incoming data that cannot be reduced and integrative
systems cannot proceed past that uncertainty. Parallel studies in dbSEABED have determined
on the basis of replicate analyses that analytical data, such as grain size analyses (Syvitski and
others, 1991), has 1-sigma uncertainties on the order of 4 percent of the total parameter range,
or 0.8 phi. With good maintenance of the data, the outputs from dbSEABED approach those
levels of reliability.

Statistical Tests

In the case of the thousands of samples where both analytical and descriptive data
exists, a statistical comparison can be made between the EXT and PRS data outputs. The
results of this calibration are an overall guide to the accuracy of the regional mappings, and a
highlighting of areas and issues in the data where improvements can be made. Those
improvements involve both the analytical and descriptive raw input data. For example, grain-
size analyses that appear to be the whole sediment but are really only of the sand fraction or
analyses where gravel and (or) shell has been omitted from an analysis.

The EXT and PRS outputs are imported into MS Access and links are created between
the two files (based usually on the SampleKey). Entries with null values (-99) in either EXT or
PRS are eliminated through a query. This query is brought into MS Excel and used to calculate
the frequency distribution of deviations (+ and absolute) and plotted for inspection. Percentile
statistics are calculated using the absolute deviation at the 50 (Median Absolute Deviation
(MAD)), 68 and 95 percentiles (1s, 2s). Examples of the outputs are shown in the description of
UsSSEABED. For most data sets the percentile statistics are 0.4, 0.8, and 4 phi for the 50, 68,
and 95 percent levels, which may be acceptable over such a diverse set of input data sets but
can be improved. An example of this analysis is shown in figure 3, for a data set that is under
improvement.
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A second way of statistically evaluating the results uses a cross-plot between the EXT
and PRS output data shown in figure 4. This type of plot serves to highlight some of the issues
that may reduce the accuracy of dbSEABED with incoming data sets.

Individual Tests

The programs of dbSEABED have been equipped to detect problematic data, whether
by values falling outside plausible limits or by mismatches between EXT and PRS results.
These tools normally do not prevent the problem values being output, but they do report
detections to a diagnostics file that is particularly useful in the preparation and cleaning of
incoming data sets. The statistical data shown in figure 3 is employed to set the filters, usually at
the 68 percent (1s) level. The original data can then be revisited, checked for issues such as
those shown in figure 4, and can be corrected, deactivated, or left alone as appropriate.
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DATA CATALOG

The data supplied in this publication are made available with geographic coordinates to
allow the data to be incorporated into a Geographic Information System (GIS). The data layers
along with additional base-map layers have been compiled into an ESRI™ ArcView® project file
(usSEABED_Pacific.apr, 32 MB zip file), which is located in the Data folder of this publication.
The project file serves to provide examples of how the data can be displayed in a GIS (figure 5
a-c). It contains several views demonstrating the possibilities of the various data fields. A
variety of base map layers that can be used to accompany these data can be found on the
Coastal and Marine Geology Program's U.S. Pacific West Coast Map Server. Several have
been included below and are used in the project file. Other examples of ways to visualize these
data are also included.

For those who do not have the ESRI™ software or a compatible GIS data browser
available on their computer, a free viewer, ArcExplorer®, is available from ESRI™
(http://www.esri.com/). Please note that the ArcExplorer® software is limited to the Microsoft
Windows operating systems.

Clicking on the layer name under the column header "Data Layer Name & Description”
in the tables below will open a new window with a graphical representation of that layer. Federal
Geographic Data Committee (FGDC) metadata are included with data layers in four formats in
the tables below: (HTML, FAQ, XML, and text).

A downloadable zip archive file containing the elements that comprise the ArcView
shapefile for each data layer is also provided. In addition to the ArcView® shapefile, the
usSEABED data layers are available in an ASCII text format as an alternate way to view and
examine the data sets. The first record of the ASCII file contains the name of the data fields for
that file. Each zip file includes:

ArcView® shapefile for each layer (with associated files);
Comma-delimited text version of the data file;

Metadata to accompany the data file (four versions);
Browse graphic of the data layer; and a

A readme file.

The zip files were created using WinZip v. 9.0. Users may obtain a free version of the
software from http://www.winzip.com/.

Data Files

Table 7 lists the usSEABED data layer name and description, metadata files, and zipped
file names and sizes. Table 8 gives a list of base map layers available, metadata files, and
zipped file names and sizes.

A comma-delimited text file (PAC_SRC) of the list of sources is included with the output
files. The DataSetKey number within this file gives a relational link between the source data set
and the data files in tables 7 and 8. Also provided is a list of the data sources in bibliographic
format (Appendix A).

Legends

To map the coded information on Color and Roughness in a GIS, load the ArcView®
legends "munsell.avl" or "rgh_pt.avI" which are available with the database. ArcView® legends
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may be imported into ArcGIS®. To make your own legends for other applications, employ a
classification that uses a "unique value" process.

Color

Color of sediment is described either in terms (brown, light greenish gray) or in Munsell
color codes given in values of hue (spectral content), value (lightness), and chroma (saturation).
Munsell codes are explained in a publication of the Geological Society of America (Goddard,
and others, 1951).The dbSEABED program converts the former into average values of Munsell
codes, rounded to increments of 5 in hue, 3 in value, and 3 in chroma (Jenkins, 2003). An
ESRI™ ArcView® legend is included for ease of mapping.

Roughness

This is a coded output representing the V:H of the seabed roughness element which is
observed with greatest aspect ratio. That feature may be fixed roughness like a cobble, or
moveable roughness like ripples. The outputs can only report observed roughness elements, so
are influenced by the size scales of samplers and observations. The V and H values are the
centimeter values of the height and horizontal dimensions written in integer log 2 (base 2). For
example "4:6" represents 16 cm height over length scale of 64 cm. Powers <0 are set to zero
(i.e., scales <1 cm are not considered). The horizontal length H is the length of expression of a
feature, rather than